Allyl esters of 3-carboxylcoumarins undergo facile decarboxylative coupling at just 25-50 °C. This represents the first extension of decarboxylative C-C bond-forming reactions to the coupling of aromatics with sp 3 -hybridized electrophiles. Finally, the same concept can be applied to the sp 2 -sp 3 couplings of pyrones and flavones. Thus, a variety of biologically important heteroaromatics can be readily functionalized without the need for strong bases or stoichiometric organometallics that are typically required for more standard cross-coupling reactions.
scaffold (Figure 1) . 5 Of these, warfarin (1) is the most well-known of a class of 3-alkyl coumarins used as anticoagulants. In principle, a decarboxylative allylation of coumarins may provide access to compounds like warfarin and also allow the synthesis of a wide variety of 3-alkylcoumarins for biological screening.
To begin, 4a was synthesized and treated with Pd(PPh 3 ) 4 in dry CH 2 Cl 2 (Scheme 1). It was gratifying to find the reaction went to 100% conversion, allowing 3-allylcoumarin 5a to be isolated in 73% yield. In addition to product (5a), the reaction forms ca. 10% 6-nitrocoumarin, which results from protonation of a putative coumarin anion equivalent. 6 It is particularly noteworthy that the decarboxylative metalation took place at just 50 °C. While decarboxylation of 3-carboxycoumarins can be effected by heating with strong acid or base, decarboxylative metalation under neutral conditions is difficult. For example, copper-catalyzed decarboxylation of a related 2-carboxycoumarin takes place at 248 °C in refluxing quinoline. 6, 7 Moreover, the allylation took place without the need for preformed organometallics that are typically required for the allylation of sp 2 carbons, 8, 9 and it is more efficient than typical syntheses of 3-allylcoumarins. 10 Next, a range of coumarins were subjected to our standard conditions for the coupling. As can be seen in Table 1 , the yields of the coupling are generally good. The reaction is compatible with electron-donating and electron-withdrawing functional groups. This fact argues against simple electrophilic allylation of the coumarin. 11 While coumarins with oxygen donors are excellent substrates, an amine-containing substrate (entry 9) provides a relatively low yield of product. Importantly, aryl bromides are tolerated, allowing tandem reactions involving decarboxylative coupling and standard cross-coupling chemistry. Lastly, a thiocoumarin substrate reacts similarly to the coumarin substrate, providing a 63% yield of 3-allyl thiocoumarin (Scheme 2).
Next, we turned our attention to the investigation of the coupling of substituted allyl electrophiles with coumarins ( Table 2 ). The coupling of 2-methallyl alcohol derivatives proceeds smoothly and provides products in somewhat higher yields than those without methallyl substituents (entries 1-3). Importantly, the chemistry is also compatible with 3-alkylsubstituted allyl groups (entries [4] [5] [6] . This is particularly noteworthy because the coupling is the formal allylation of a very basic vinyl anion. Typically, such strong bases simply induce elimination of the π-allyl palladium intermediates. 12 In the interest of exploring the features of the coumarin that allow decarboxylative coupling under such mild conditions, several experiments were performed. First, an acyclic analogue of the coumarin (6) was subjected to the standard reaction conditions for decarboxylative allylation of coumarins, and it did not produce any product (eq 1). While the reaction with the acyclic derivative failed, pyrone (7) reacts to form the product of decarboxylative coupling (8) under identical conditions to those used in the coumarin coupling (eq 2). 13 Thus, the benzenoid ring of the coumarin is not required for reactivity. Lastly, the isomeric chromone derivative 9 provided coupling product (10) in good yield (eq 3), showing that the concept of decarboxylative allylation extends to heteroaromatics other than coumarins. While decarboxylative couplings are often used in lieu of standard cross-coupling reactions that are more costly or wasteful, 1a,3 decarboxylative couplings are oftentimes complementary to standard palladium-catalyzed coupling reactions. For instance, the decarboxylative sp 2 -sp 3 coupling reported herein can be readily utilized in a tandem decarboxylative allylation/ Heck olefination sequence to provide coumarin 11 (Scheme 3).
In conclusion, we have developed an exceptionally mild decarboxylative sp 2 -sp 3 coupling that results in the allylation of pharmacologically relevant oxygenated heteroaromatics. Continuing studies are aimed at elucidating the mechanism of this transformation in hopes of defining the reasons that decarboxylative couplings of coumarins and related heteroaromatics are so facile.
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